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MICROSTRIP COUPLER 



This application relates generally to the field of coupling 
devices for electrical circuits and in particular to the field 
5 of directional couplers. 

BACKGROUND OF THE INVENTION 

[0001] Directional couplers which include parallel microstrip 

conductors mounted on a dielectric, commonly referred to as 
microstrip couplers, are widely used in various types of 
10 circuits, including high frequency RF (radio frequency) and 
microwave circuits. Microstrip couplers are often used in 

connection with signal sampling (power monitoring) , signal 
splitting and combining, signal injection and other 
applications . 

15 [0002] If a directional coupler is not properly terminated, 

reflected waves travel back from the load to the input. These 
reflected waves cause degradation in the performance of the 
system. In a type of conventional microstrip coupler called a 
Lange coupler, wire or ribbon conductors are typically used to 

20 form "controlled capacitance bridges." Controlled capacitance 
bridges are often used to connect alternating split microstrip 
conductors and these bridges typically reduce parasitic 
inductance. However, there is typically a parasitic capacitance 
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associated with an controlled capacitance bridge that is not 
easily controlled. Such parasitic capacitance affects the 

circuit performance adversely. Since this capacitance affects 
coupler performance, it is desirable to control the amount of 
5 capacitance present and account for the amount of capacitance 
present while designing the coupler. The Lange coupler is 
described in U.S. Patent No. 3,516,024 ("the Lange patent"), 
which is hereby incorporated by reference. 

[0003] The characteristic impedance of a microstrip coupler 

10 is a function of the product of the impedances of the even and 
odd modes of TEM transmission. The degree of coupling is a 
function of the ratio of the even and odd mode impedances. Odd 
and even mode phase velocities in the microstrip conductors are 
not equal and this difference in velocity leads to poor 
15 directivity. The directivity generally becomes worse as the 
coupling is decreased. As will be appreciated by those skilled 
in the art, a compensating capacitor is typically placed between 
one or more coupled microstrip conductors and an input 
microstrip conductor to improve directivity. 
20 [0004] Accordingly, port impedance, coupling, and directivity 

are important characteristics that need to be considered in the 
design of a directional coupler in order to achieve proper 
termination. However, in a conventional broadside-coupled 

directional coupler, the coupling and matching port impedance 
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cannot be independently adjusted. As a result, circuit 

designers must often abandon the directional coupler approach 
and use alternative circuit designs, or use an additional 
matching circuit to complete a circuit design. Thus, it would 
5 be desirable to provide a coupler that utilizes a controlled 
parasitic capacitance bridge in providing a coupler having 
improved directivity. 

SUMMARY OF THE INVENTION 

[0005] According to one aspect of the presently-claimed 

10 invention, a microstrip coupler includes: a first microstrip 
conductor configured to carry an input signal; a second 
microstrip conductor disposed along a first side of the first 
microstrip conductor and configured to couple at least a portion 
of the input signal; a third microstrip conductor disposed along 
15 a second side of the first microstrip conductor and configured 
to couple at least a portion of the input signal; and a first 
controlled capacitance bridge connecting the second microstrip 
conductor and the third microstrip conductor. The controlled 
capacitance bridge includes a conducting layer and a dielectric 
20 layer situated between the conducting layer and the first 
microstrip conductor . 

[0006] According to another aspect of the present invention, 

an controlled capacitance bridge is provided for connecting a 
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first microstrip conductor and a second microstrip conductor of 
a microstrip coupler. The first microstrip conductor is 

disposed along a first side of a third microstrip conductor 
configured to carry an input signal and the second microstrip 
5 conductor is disposed along a second side of the third 
microstrip conductor. The controlled capacitance bridge 

includes a conducting layer and a dielectric layer situated 
between the conducting layer and the third microstrip coupler. 
[0007] According to another aspect of the present invention, 

10 a microstrip coupler includes: an input microstrip conductor 
configured to carry an input signal; a central microstrip 
conductor proximate the input microstrip conductor and separated 
from the input microstrip conductor by a first gap; an output 
microstrip conductor proximate the central microstrip conductor 

15 and separated from the central microstrip conductor by a second 
gap; a coupling microstrip conductor for coupling at least a 
portion of the input signal A first controlled capacitance 
bridge connects the input microstrip conductor and the central 
microstrip conductor. The first controlled capacitance bridge 

20 includes a first conducting layer and a first dielectric 
situated between the first conducting layer and the first gap. 
A second controlled capacitance bridge connects the central 
microstrip conductor and the output microstrip conductor. The 
second controlled capacitance bridge includes a second 
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conducting layer and a second dielectric situated between the 
second conducting layer and the second gap. 

DESCRIPTION OF THE DRAWINGS 

Fig. 1 is top view of an embodiment of a microstrip coupler 
5 according to the present invention. 

Fig. 2 is an enlarged view of one portion of the embodiment 
shown in Fig . 1 . 

Fig. 3 is a perspective diagram of the controlled 
capacitance bridge according to an embodiment of the present 
10 invention. 

Fig. 4 is a cross - sect ion of the controlled capacitance 
bridge depicted in Fig. 3. 

Fig. 5 is a top view of an alternative embodiment of a 
microstrip coupler according to the present invention. 

15 DETAILED DESCRIPTION OF THE DRAWINGS 

[0008] Fig. 1 illustrates the principal features of one 

embodiment of microstrip coupler 100 according to the present 
invention. The exemplary coupler shown is a 12 dB coupler. 
Those skilled in the art will appreciate that a 12 dB coupler is 

20 exemplary and that circuits other than those presented to 
produce a coupling on a given material are within the scope of 
the invention. 
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[0009] The microstrip coupler 100 is disposed upon a 

substrate 101. One exemplary substrate 101 is made of Teflon- 
Glass commercially available dielectric material, having a 
relative dielectric constant G r of 3.5, and a thickness hi of 
5 0.020 in. However, in other embodiments of the present 

invention, substrate 101 is formed of ceramic, Teflon, glass, 
epoxy and other substances having a variety of dielectric 
constants and thicknesses. 

[0010] Exemplary microstrip conductor ("main line") 105, 

10 having a width wl of 0.044 in., forms a through line including 
an input portion ("input port") 110 and an output portion 
("output port") 115. When microstrip coupler 100 is in 

operation, signals enter input port 110 and are transmitted 
along microstrip conductor 105 to output port 115. 
15 [0011] A first segment 122 of a first coupled microstrip 

conductor ("first coupled line") and a second segment 132 of a 
second coupled microstrip conductor ("second coupled line") 
extend parallel to each other along opposite sides of the 
microstrip conductor through line 105. The first coupled line 
20 122 and the second coupled line 132 collect a portion of the 
signal energy transmitted through microstrip conductor 105. 
Typically, first microstrip conductor 122 and second microstrip 
conductor 132 are designed to have an electrical length "L" of 
A/4, where A is a wavelength of a design frequency of a signal 
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present at a mid-band of operation microstrip coupler 100. In 
one exemplary embodiment A/4 corresponds to a length L of 0.884 
in . 

[0012] In alternative embodiments, the electrical length L of 

5 first and second microstrip conductors 122 and 132 vary from a 
quarter wavelength. Variations in length L are typically 

utilized to change the shape of a characteristic curve of 
coupling over frequency, by methods known to those skilled in 
the art . 

10 [0013] In further alternative embodiments, multiple A/4 

length sections of different widths may be used to achieve a 
controlled amount of coupling over frequency, as is known to 
those skilled in the art. For example, multiple A/4 length 
sections of microstrip line of varying impedances (or 

15 equivalent ly, short - stepped impedance transformers, whose design 
is known to those skilled in the art) may be cascaded in order 
to achieve a controlled degree of coupling over frequency, for 
example, a Tschebychaev characteristic. 

[0014] In the embodiment shown in Fig. 1, a pair of similarly 

20 constructed controlled capacitance bridges 140, 141 span the 
microstrip conductor 105 without making direct electrical 
contact with the conductor 105. In many embodiments of the 
present invention, there is capacitive coupling between a 
conductor disposed on the outer surface of controlled 
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capacitance bridges 140, 141 and microstrip conductor 105. 
Controlled capacitance bridges 140, 141 couple the pair of 
microstrip lines 122, 132, that are disposed parallel to each 
other and on opposite sides of the main microstrip conductor 
5 105. Thus, microstrip conductors 132 and 122 are of 

substantially equal length L and disposed parallel to each other 
and on opposite sides of a main microstrip conductor 105. The 
conductors 122, 132 are typically spaced a fixed distance "d" 
from main microstrip conductor 110. The distance "d" is chosen 
10 to achieve a desired coupling by methods known to those skilled 
in the art . 

[0015] The ends of microstrip conductors 122 and 132 are 

coupled together by controlled impedance bridges 140 and 14 1 
that cross over the main microstrip conductor 105 without 

15 directly contacting it. In other words, the first and second 
coupled lines 122, 132 are running in parallel on either side of 
through line 105. First and second coupled lines 122, 132 are 
directly tied together at their extreme ends by a pair of 
controlled impedance bridges 140, 141. 

20 [0016] In the embodiment shown in Fig. 1, controlled 

impedance bridges 140, 141 are disposed at opposite ends of 
coupled segments 122 and 132. In one exemplary embodiment, zero 
Ohm surface mount jumpers are used to provide a controlled 
impedance bridge. However, those skilled in the art will 
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realize that other materials may be used to provide a fixed 
impedance bridge. In some alternative embodiments of microstrip 
coupler 100, a single controlled impedance bridge, constructed 
similarly to controlled capacitance bridge 140 or 141, may be 
5 utilized to connect coupled segments 122 and 132. In some 
embodiments of microstrip coupler 100, controlled capacitance 
bridge 140 or 141 connect coupled segments 122 and 132 at points 
other than the ends. In further alternative embodiments of 
microstrip coupler 100, one or more pairs of additional coupled 

10 microstrip conductors are cascaded with microstrip conductors 
122, 132 at their ends. In such embodiments, controlled 

capacitance bridges connect the additional microstrip conductors 
across microstrip conductor 105, as described above. 
[0017] Adjacent to the controlled capacitance bridges, pairs 

15 of trim traces are disposed to provide a trimable, or 
adjustable, capacitance. In the embodiment shown, a first pair 
of trim traces 120 and a second pair of trim traces 121 are 
disposed at the input 105 and the output 115 of the coupler, 
respectively. Trim traces 120, 121, consisting of parallel 

20 copper traces 215, 220, 151 and 121 of microstrip conductors 105 
and 122, provide an additional capacitance. This additional 
capacitance is typically used to adjust the performance of 
microstrip coupler 100 in addition to the capacitance provided 
by controlled capacitance bridges 140, 141. In particular, the 
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capacitances provided by the pairs of trim traces 120, 121 
typically affect coupler directivity. The trim traces 120, 121 
are shown as parallel conductors disposed on the substrate 101 
and separated by a gap (s) . In the exemplary embodiment gap ' s' 
5 is 0.010 in. Each pair of trim traces 120, 121 provides 
capacitance inversely proportional to the spacing between 
conductors and proportional to their length as is known to those 
skilled in the art. In one exemplary embodiment, the 

capacitively coupled length '1' is 0.151 in. 

10 [0018] The first pair of trim traces 120 includes first trim 

trace conductor 215 coupled to main transmission line 105 at the 
input 110 of main transmission line 105. Second trim trace 
conductor 220 is coupled to first microstrip conductor 122. The 
second pair of trim traces 121 includes first trim trace 

15 conductor 158 coupled to microstrip conductor 105 at the output 
115 of microstrip coupler 100. Second trim trace conductor 151 
of the second pair of trim traces 150 is coupled to first 
microstrip conductor 122. Thus, a second trim trace line is 
coupled to each of the opposite ends of the first microstrip 

20 conductor 122, capacitively coupling each end to microstrip 
conductor 122 . 

[0019] Trim traces 120 and 121 provide a capacitance that is 

distributed along the length of two parallel conductors. 
However, those skilled in the art will realize that other forms 



PATENT 




Docket No. 23608-7007 US 

of capacitance, such as a lumped capacitance, may be substituted 
for the distributed capacitance provided by pairs of trim 
traces. In some such embodiments, variable lumped capacitance 
is used in place of, or in combination with, the pairs of trim 
5 traces. Adjustment of the pairs of trim traces 120, 121 may be 
provided by shortening or lengthening the trim traces, utilizing 
methods known to those skilled in the art. 

[0020] Second microstrip conductor 132 includes enlarged pad 

area 130 disposed near coupler input 110. From enlarged pad 

10 area 130 forward, coupled power originating from the input port 
110 is typically channeled out of microstrip coupler 100. In 
the embodiment shown, the width of the enlarged pad area width 
has been selected such that a 50 ohm characteristic impedance is 
provided to an external load. Alternatively, other 

15 characteristic impedances may be provided by methods known to 
those skilled in the art. 

[0021] At an opposite end or termination point of second 

microstrip conductor 132, a termination is typically provided. 
Again, the trace width of one exemplary embodiment is adjusted 
20 to provide a 50 Ohm transmission line characteristic impedance. 
Alternatively, the trace widths at each end may be selected to 
provide other characteristic impedances to interface to any 
adjacent circuitry having differing characteristic impedance. 
At the termination port, a 50 Ohm termination, or load 131, is 
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typically provided as adjacent circuitry. Alternatively, any 
circuit having a 50 Ohm characteristic impedance may be coupled 
to the second microstrip conductor, at the load port in place of 
the termination. 

5 [0022] The pair of trim traces 120, 121 is coupled to the 

controlled capacitance bridges 140, 141. In the embodiment 
shown, the controlled capacitance bridges 140, 141 are disposed 
in close proximity to the pairs of trim traces 120, 121, 
respectively . 

10 [0023] In the embodiment shown in Fig. 1, controlled 

capacitance bridges 140 and 141 are constructed such that their 
capacitance may be controlled through the manufacturing process. 
In this embodiment, controlled capacitance bridges 140 and 141 
are constructed utilizing surface mount, 1210 case, zero Ohm 

15 jumpers, typically used in producing surface mount circuits. 
These zero Ohm jumpers will be described below with reference to 
Figs. 2 through 5. The zero Ohm jumpers advantageously provide 
a controlled capacitance due to fixed spacing between the 
conductor portion on a top surface of the jumper and any 

2 0 circuitry present beneath the jumper. 

[0024] Capacitance from the zero Ohm jumper conductor to the 

main transmission line 105 that forms the controlled capacitance 
bridges 140 and 141 is coupled in parallel to the capacitance 
provided by the pairs of trim traces 120, 121, such that the 
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total capacitance is increased. Since the capacitance provided 
by the controlled capacitance bridge tends to be a repeatable 
quantity, the trim traces may be efficiently adjusted to achieve 
a desired coupler compensation. The capacitance of the 

5 controlled capacitance brxdge may be adjusted by changing the 
width of the controlled capacitance bridge to increase or 
decrease the amount of conductor suspended over main line 105. 
Similarly, the spacing between the suspended conductors and main 
line 105 may be adjusted. Alternatively, a portion of main line 
10 105 extending under the controlled capacitance bridge may be 
varied in width to realize a change in capacitance. These 
features will be described in more detail below with reference 
to Figs . 2 and 5 . 

[0025] Split coupling structures such as those shown in Fig. 

15 1 are advantageously used when relatively weaker coupling (for 
example, of less than 18 to 20 db) is desired. In a split 
coupling structure, more reliable coupling is typically provided 
than in single broadside-coupled transmission line structure. 
It is desirable to control and utilize the capacitance inherent 

20 in joining the split lines 122, 132 as an aid to adjusting input 
and output characteristics of microstrip coupler 100. 
[0026] Fig. 2 depicts an enlarged portion of microstrip 

coupler 100 in the vicinity of input portion 110 of microstrip 
conductor 105. The output 115 is similarly constructed and not 
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shown. Conducting portion 205 and dielectric portion 210 of 
controlled capacitance bridge 140 are more readily 
distinguishable in Fig. 2 than in Fig. 1. 

[0027] In one exemplary embodiment, first and second coupled 

5 lines 122 and 132 each have a width "w2" of 0.010 in. Each of 
coupled lines 122 and 132 is spaced a distance "d" from through 
line 105. In one exemplary embodiment, d is 0.168 in. Those 
skilled in the art will realize that a spacing of 0.168 in. is 
exemplary and that other dimensions are possible. 

10 [0028] In many embodiments of the present invention, 

controlled capacitance bridge 140 consists of a slab of 
dielectric 210 having a conductor 205 disposed on its top 
surface. In order for conductor 205 to connect microstrip 
conductors 122 and 132, conductor 205 is typically provided with 

15 an area of edge plating such that a direct connection is made 
from conductor 132 to the edge plating disposed on dielectric 
210, which is coupled to conductor 205. In a similar manner, 
edge plating forms a direct connection from conductor 122 to the 
opposite end of conductor 205. Dielectric slab 210 has fixed 

20 dimensions. Accordingly, by using edge plating at the ends and 
a conductor 205 coupling these ends, the dimensions of the 
bridge connection are carefully controlled. Dielectric material 
210 is typically ceramic, fiberglass, Teflon, or the like. The 
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edge platings are disposed on dielectric 210 by conventional 
methods known to those skilled in the art. 

[0029] Dielectrics 210 provide controlled distances between 

conductors 205 of controlled capacitance bridges 140, 141 of the 
5 present invention. The resulting separation of charge from the 
controlled capacitance bridge forms an additional compensating 
capacitance in parallel with the capacitance between the first 
trim trace microstrip conductor 150 and the second trim trace 
microstrip conductor 22 0. The controlled and repeatable 

10 capacitance in the present embodiments tends to improve the 
directivity of microstrip coupler 100 by compensating for the 
difference in phase velocity between even and odd modes of waves 
propagating along the line. The teachings regarding a method of 
determining an appropriate compensating capacitance such as 

15 disclosed in U.S. Patent No. 5,159,298 may be used and are 
hereby incorporated by reference. However, those of skill in 
the art will appreciate that many other methods may be used to 
determine an appropriate compensating capacitance. 

[0030] The compensating capacitance may be adjusted in 

20 various ways, such as by changing the thickness of dielectric 
210 or by using different types of dielectric material. 
Capacitance may also be controlled by adjusting the width of 
microstrip conductor 105 in the region 225 spanned by controlled 
capacitance bridge 140. In the embodiment shown in Fig. 2, the 
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capacitance contributed by controlled capacitance bridge 140 has 
been adjusted by narrowing the microstrip conductor in area 225 
relative to microstrip conductor 105. In the embodiment shown, 
microstrip conductor 105 has been narrowed to 0.020 in. in area 
5 225. However, in alternate embodiments of microstrip coupler 
100, area 225 is as wide as, or wider than, the adjacent 
portions of microstrip conductor 105. 

[0031] Additional capacitance is provided by the interaction 

between segment 215 of microstrip conductor 105 and segment 220 

10 of microstrip conductor 122. The interaction of the microstrip 
conductor in the second pair of trim traces 121 is generally the 
same as that of the first pair of trim traces 120 and will not 
be described separately. In one exemplary embodiment of 

microstrip coupler 100, the length u l" over which the first pair 

15 of trim traces 120 are capacitively coupled is 0.151 inches 
long, segment 215 has a width u w3" of 0.010 inches and segment 
220 has a width u w4" of 0.010 inches. Other embodiments of 
microstrip coupler 100 have varying lengths 1 and widths wl, w2 , 
w3 and w4 . In alternative embodiments of microstrip coupler 

20 100, where additional capacitance is not desired, segments 215 
and 220 are omitted. 

[0032] Fig. 3 illustrates a perspective view of controlled 

capacitance bridge 140. In Fig. 3, controlled capacitance 

bridge 140 is bridging microstrip line 105 to connect microstrip 
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lines 122 and 132. As previously discussed, controlled 

capacitance bridge 140 bridges over microstrip conductor 105 
without making a direct electrical connection. Dielectric 
portion 210 of controlled capacitance bridge 140 separates 
5 conducting portion 205 from microstrip conductor 105 by a fixed 
distance, thereby forming a parasitic capacitance between 
conducting portion 205 and microstrip conductor 105. In many 
embodiments of the present invention, this parasitic capacitance 
is distributed along the length of two parallel conductors. 

10 [0033] Fig. 3 illustrates dielectric 101, having thickness 

"h," upon which microstrip coupler 100 is mounted. Dielectric 
101 is mounted on ground plane 190. As will be appreciated by 
those of skill in the art, thickness h will depend in part upon 
the dielectric constant of the material from which dielectric 

15 101 is formed. 

[0034] Fig. 4 is a cross - sect ion of an embodiment of 

microstrip coupler shown in cross-section 406, including 
controlled capacitance bridge 140, also shown in cross - sect ion . 
In this cross-section, microstrip conductor 105 extends in a 

20 direction perpendicular to the page. Microstrip conductors 420 
and 135 are to the left and to the right, respectively, of 
microstrip conductor 105. Dielectric portion 210 is disposed 
between conducting portion 205 and microstrip conductor 150, 
thereby creating distributed capacitance Ac in zone 405 between 
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conducting portion 205 and microstrip conductor 150. The 
parasitic capacitance Ac is a distributed capacitance in the 
region 405 having a relative dielectric constant G r2 which 
depends on the dialectic used. In some exemplary embodiments, 
5 relative dielectric constant 6 r2 is in the range of 9.5 to 
10.0. 

[0035] This capacitance is easily controlled because of the 

stable dimensions of controlled capacitance bridge 140. 
Therefore, the amount of parasitic capacitance is known with 

10 more certainty than that of a conventional controlled 
capacitance bridge. In the embodiment shown, controlled 

capacitance bridge 140 typically includes surface conductor 205 
that is coupled to edge plating 402 and edge plating 407. To 
make the arrangement amenable to surface mounting, edge plating 

15 402 and edge plating 407 are coupled to small conductive areas 
408. The small conductive areas 408 are disposed on the side of 
the dielectric 210 opposite to conductor 205. In assembling an 
air bridge to a coupler, conductive areas 408 are typically 
coupled to conductor traces 420 and 135 of coupler assembly 406 

20 via solder connections 401. Solder connection 401 is typically 
made by disposing a solder paste (not shown) on the desired 
areas of the coupler assembly 406, placing the controlled 
capacitance bridge 140 on the coupler assembly 406 and then 
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heating the assembly (typically with IR radiation) to melt the 
solder paste . 

[0036] In the exemplary embodiment shown, the conductive 

portions of coupler 406 are disposed on the top surface of the 
5 dielectric material 101, dielectric 101 has a relative 
dielectric constant G rl of 3.5 and the substrate height, h, is 
0.020 inches. One of skill in the art will realize that many 
variations of C rl and h are within the scope of the present 
invention. On the dielectric surface opposite to that of the 

10 coupler, ground plane 403 is disposed. 

[0037] Fig. 5 illustrates microstrip coupler 500 according to 

an alternative embodiment of the present invention. Microstrip 
coupler 500 includes discontinuities in through line, or 
microstrip conductor, 105. These gaps are spanned by controlled 

15 capacitance bridges 140. 

[0038] Microstrip conductor 520 includes segment 522, which 

extends along a side of central portion 510 of microstrip 
conductor 105, allowing a portion of the signals transmitted 
through microstrip coupler 105 to be coupled into microstrip 

20 conductor 520. Similarly, microstrip conductor 530 includes 
segment 532, which extends along an opposing side of the central 
portion of microstrip conductor 510, allowing a portion of the 
signals transmitted through microstrip coupler 105 to be coupled 
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into microstrip conductor 530. Segments 522 and 532 preferably 
have a length of A/4, where A is the wavelength of a design 
frequency of operation of microstrip coupler 500. 

[0039] Connecting microstrip traces 525 provide the function 

5 of jumpers or wire bridges between microstrip conductors 520 and 
530. Conducting portions 205 of controlled capacitance bridges 
140 connect central portion 510 of microstrip conductor 105 with 
input portion 110 and with output portion 115. The dielectrics 
210 of controlled capacitance bridges 140 form capacitors 
10 between connecting microstrip traces 525, that pass under 
dielectrics 210 and conducting portions 205 of controlled 
capacitance bridges 140. 

[0040] Additional capacitance is provided in pairs of trim 

traces by the interaction between segments 550 of microstrip 

15 conductor 105 and segments 560, 561 of microstrip conductors 520 
and 530, respectively. In alternative embodiments of microstrip 
coupler 500, segments 550 have different lengths than those 
depicted. In further alternative embodiments of microstrip 

coupler 100, segments 550 are omitted. 

20 [0041] Microstrip coupler 500 is preferably used for 

relatively lower-power applications as compared to microstrip 
coupler 100, because discontinuities between input portion 110 
and output portion 115 may cause problems such as power 
dissipation. For example, when microstrip couplers with 
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discontinuities are used in high-power applications, such 
dissipation can generate enough heat to damage components of the 
microstrip couplers . 

[0042] While the best mode for practicing the invention has 

5 been described in detail, those of skill in the art will 
recognize that there are numerous alternative designs, 
embodiments, modifications and applied examples which are within 
the scope of the present invention. Accordingly, the scope of 
this invention is not limited to the previously described 
10 embodiments . 
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